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Interest in the management of the environment and its resources on an ecosystem
basis has been increasing in both terrestrial and marine contexts. The emergence of
the concept of large marine ecosystems (LMEs) is one important example of this
development. LMEs have been examined through five linked modules: (1) productivity of the ecosystem; (2) fish and fisheries; (3) pollution and ecosystem health; (4)
socioeconomic conditions; and (5) governance. The first three focus on natural systems, while the last two concentrate on human interactions with those systems. To
date the first three have received the greatest attention but as attention has turned
to development and implementation of management strategies, greater consideration
has being given to the human dimension of LMEs represented by the latter two
modules. This article focuses on governance, a matter that is of fundamental importance because it shapes the pattern of human use of the natural environment.
Efforts to promote ecosystem-based management occur within different governance
frameworks; these frameworks and their associated dynamics must be understood in
the same fashion that the structure and interplay of the elements of the natural
ecosystem need to be comprehended. Just as natural science employs baseline studies
to gauge change over time, this paper asserts the need for similar studies relevant
to governance aspects of ecosystem use. After identifying and describing the roles of
three major and generic governance institutions, we suggest the development in each
LME of a governance profile that outlines and analyzes the existing governance
framework. Moreover, we propose to consider governance change over time to assess whether such shifts represent movement in the direction of greater ecosystem
focus.
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The ecosystem paradigm is emerging as the dominant approach to managing the environment and its natural resources.1 This shift from the treatment of individual resources
to the broad perspective of total ecosystem has taken hold in a number of fields such as
forestry and fisheries and has also become an important management approach in the
U.S. federal government and in international organizations. This paper considers the
application of this approach to the governance of large marine ecosystems (LMEs).
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The concept of LMEs was developed by Sherman and Alexander and is used to refer
to “regions of ocean space encompassing coastal areas from river basins and estuaries on
out to the seaward boundary of continental shelves and the seaward boundary of coastal
current systems. They are relatively large regions on the order of 200,000 km² or larger,
characterized by distinct bathymetry, hydrography, productivity, and trophically dependent populations.”2 Utilizing such criteria, some 50 LMEs have been identified.3 Consideration of LMEs as management units follows from a substantial body of scientific
investigation that examines the interaction of fish species with one another and with the
physical environment that they inhabit, as well as the effects on them of human activities.4
In his exposition of the LME concept, Sherman has outlined five linked modules
with which to assess LME sustainability: productivity of the ecosystem, fish and fisheries, pollution and ecosystem health, socioeconomic conditions, and governance.5 The
first three modules center on natural systems, while the latter two focus on the human
uses of the LME and its resources. To date, research has been devoted primarily to the
first three modules, but as attention turns from conceptualization of system dynamics to
development of management strategies, it becomes increasingly clear that attention must
be given to the human dimension of LMEs, represented by the socioeconomic and governance modules.

Governance
The focus of the present study is on governance, by which we mean the formal and
informal arrangements, institutions, and mores that structure:
·
·
·
·

how resources or an environment are utilized,
how problems and opportunities are evaluated and analyzed,
what behavior is deemed acceptable or forbidden, and
what rules and sanctions are applied to affect the pattern of use.6

Human behavior and patterns of conduct critically affect the state of the natural world.7
Governance is crucially important because attempts to manage resources and the environment are really about managing human behavior and encouraging patterns of
conduct which accord with the operation of the natural world.8
It is important to observe that the concept of governance is not equivalent to government but includes also other mechanisms and institutions that serve to alter and influence human behavior in particular directions.9 There are three key, general mechanisms
of governance: the marketplace, the government, and nongovernmental institutions and
arrangements. These mechanisms interact with one another in an ongoing, continuing
pattern of dynamic interrelationships. Through the pressures they generate, they individually and cumulatively impact use behaviors (Figure 1). Failure to heed the signals
from these institutions may lead to sanctions that range from economic loss, to incarceration or monetary penalties, or to expulsion or alienation from the community.
The marketplace, through the profit incentive, for example, certainly affects how the
environment is utilized, what resources are exploited, and the manner in which these
resources are exploited. Indeed, the current controversy over the policies of the World
Trade Organization and how its policies in support of trade liberalization affect the
environment reflects this concern.10 Of course, consumers frequently have an array of
choices as to what to buy. Should purchase decisions of a sufficient number of consumers
incorporate not only considerations of inherent product quality but also the process by
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Figure 1. Three key governance mechanisms.

which desired goods are produced and sensitivity to associated ecolabeling, then marketplace outcomes may be more supportive of natural ecosystem protection than had been the
case in earlier periods.11 Additionally, efforts to attach monetary value to ecosystem
services,12 which have been regarded in the past as free, could serve to give a more concrete
sense of value to those services and encourage the internalization of the costs of such
services,13 impelling more careful consideration of the natural environment. In a variety
of ways the marketplace could make significant contributions to ecosystem protection.14
Government policy and regulation, whether at a local, regional, or national level, is
well recognized as a mechanism that can affect human behavior. Tax policies can provide incentives for particular types of conduct and, through government spending patterns, a substantial portion of society’s resources may be directed so as to promote
specific objectives.15 Regulatory efforts, such as zoning and permitting, can channel efforts along desired paths and, with their potential for unpleasant consequences in the
form of fines or even imprisonment, can discourage undesired behavior. But in the long
run, and perhaps most importantly, through education and outreach government may
encourage environmental and ecosystem awareness.
Nongovernmental organizations (NGOs) are becoming more evident in political activity at local, national, and international levels; there is a proliferation of NGOs that
actively and purposefully seek to influence public policy relating to a very wide range
of issues. 16 NGOs are a recognized force and play multiple roles in affecting behavior
and public policy. They may serve as advocates of particular courses of action for government (e.g., stop licensing nuclear reactors) or of societal behavioral patterns (e.g.,
reject the use of furs) or seek to encourage or discourage enactment of particular pieces
of legislation. In democratic and pluralistic societies, nongovernmental groups play
important constituency roles, affecting both governmental and marketing decisions
with attendant ramifications for the natural environment. They also frequently harness
scientific and technical expertise to monitor environmental impacts and change, as well
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as compliance with mandated expectations, and they thereby generate information relevant to decisions that will be made. In regard to environmental matters, many of them
seek to educate the wider public on the workings of natural systems and the particular
issues at hand and, in doing so, help shape the framework in which problems and opportunities are analyzed and evaluated.
In traditional political usage, NGOs are exemplified by environmental organizations
such as the Sierra Club and the World Wildlife Fund or trade associations such as the
Chamber of Commerce or the National Association of Manufacturers that have purposeful political agendas which, through explicit strategies, seek to influence public attitudes,
governmental policy, and the marketplace so as to achieve particular goals. But for the
purposes of the present analysis, NGOs should be thought of more broadly and include
bodies that may be less overtly political in nature, ranging from community associations
to fraternal organizations to families and religious groups.17 All of these may serve as
agents of socialization and thus shape human perceptions, preferences, and attitudes.
While they may not issue edicts that are legally binding in the way that law is in civil
society or explicitly seek to change governmental or economic policy, they do influence
ideas and patterns of thought and often generate meaningful social pressures that encourage adherence to particular norms of behavior. Accordingly, these nongovernmental
institutions and arrangements can affect ecosystem use patterns.18
On the natural system side, Sherman and his colleagues have identified three “driving forces” that impact LMEs: natural variability, overfishing, and pollution, with varying combinations of the three influencing each of the 50 identified LMEs.19 The relative
importance of each and the nature of the mix of driving forces need to be identified so
as to develop responses appropriate to the problems identified in individual LMEs. Likewise, the above-identified human aspect driving forces, the marketplace, government,
NGOs, arrangements, and practices, also need to be understood in context.
The mix, character, and influence of these three mechanisms will vary from LME
to LME and need to be understood empirically rather than assumed. Different governments, for example, have varying degrees of “reach,” that is, effective control in both
functional and spatial terms. Some governments try to directly influence a much wider
range of human activities than others. Some have real control throughout the territory of
the state, while others have authority that may have limited impact once the capital city
is left behind. Further, governments range from those that are highly centralized and
unitary in nature to those much more decentralized and federal in nature, with consequent significant power in the hands of local governments. In traditional societies, poor
communication networks and limited capability for monitoring and enforcement may be
the order of the day, and socially and culturally determined constraints may be of greater
significance than government in influencing behavior.
Moreover, operations of the market and economic systems in different localities
may well not correspond to or behave in ways that North Americans or Western Europeans, for instance, take as a given. Economies that are subsistence or locally based in
nature may have significantly different characteristics than those that are export oriented, and the social and ecological implications of economic actions may be weighted
differently or even ignored.20

Ecosystems and Governance
Ecosystems present special challenges for those concerned with management of natural
resources and the wider environment. In most of the identified LMEs, governance in-
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volves institutions, interests, and people of more than one state since the boundaries of
LMEs typically do not coincide with those of state jurisdiction. Yet, the reality is that
the ongoing availability of many desired goods and services significantly valued by
stakeholders depends on the continued functioning of transboundary ecosystems.
The divergence between “ecologically defined space” and “politically defined space” 21
gives rise to a host of management problems and might provide either a rationale for
international cooperation or, alternatively, in situations in which international cooperation is weak or has not been forthcoming, an abandonment of national efforts because if
such efforts are undercut by the actions of those in other jurisdictions they will be
rendered ineffective anyway. Accordingly, achievement of an appropriate level of regional cooperation to foster effective management is an important objective.
Aside from this spatial incongruity, additional difficulties are often caused by the
mismatch in time frames of policy makers and the need for long-term efforts and commitment to the goal of ecosystem protection.22 A program to improve water quality, for
example, may have to be pursued for many years before significant effect is demonstrated,
yet office holders have to justify their actions and their use of public resources every
election cycle. Education and greater public knowledge of ecosystem concepts and dynamics can contribute to a more consistent public policy approach and increase public
support for needed longer term efforts, but educational efforts may be time consuming.
Further, the areas encompassed by LMEs are subject to multiple human uses, each
of which may be monitored and regulated by different government agencies with specific and limited functional areas of responsibility. Accordingly, no particular agency
will have responsibility for the “big picture,” the totality of what occurs within the
spatial framework. Likewise, private stakeholders tend to focus on their particular uses
rather than on that big picture. The need for a system, as opposed to a use, perspective
was recognized in the classic 1969 report of the Stratton Commission.23 The governmental and stakeholder fragmentation seen in the United States, rather than being unique
to the United States, is seen in other governments and in international organizations
as well.24

Approaches to Ecosystem-Based Management
Despite the obstacles faced by ecosystem-based management approaches, a 1994 report
by the U.S. General Accounting Office (GAO) noted strong and growing support among
officials, scientists, and policy analysts to move away from management based on individual uses of land units or protection of individual natural resources in favor of an
ecosystem management approach.25 The report notes that the four primary U.S. federal
land management agencies (National Park Service, Bureau of Land Management, Fish
and Wildlife Service, and the Forest Service) are already using or intend to use an
ecosystem approach to managing lands and natural resources. But as indicated in that
report, the ecosystem approach has different meanings to the disparate groups supporting its utilization.26
Based on a review of the scientific and policy studies on ecosystem management,
the GAO report provides a flow chart for ecosystem management (Figure 2). While the
indicated steps may be of guidance to government agencies, they may have more
limited utility in the wider context of efforts to achieve ecosystem-based management.
In particular, the linking of the box of “understanding ecosystems’ ecologies” to that
of “making management choices” fails to give necessary attention to the fundamental
importance of the governance structures that shape human behavior in relation to the
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environment. This is a significant point of deficiency. Further, the GAO model may be
critiqued for its focus on government and governmental policy as the driving forces of
ecosystem-based management. It is suggested that a wider consideration of governance
as outlined above is more appropriate.
A recent study by the U.S. National Research Council, Our Common Journey: A
Transition Toward Sustainability,27 utilizes a pressure-state-response model and clearly
notes that human use of the environment has effects on that environment. But the reasons for and the factors that structure the uses of the environment are not considered. 28
To effect change in the pattern of human use it is necessary not only to consider
how the environment is used and with what effects, but also why it is used in that
particular manner. Accordingly, it is necessary to explicitly consider governance mechanisms and issues that serve to structure the pattern of behavior as the key link between
ecosystem ecology and human use and subsequent management choices.

Governance Needs
As suggested above, a wide perspective of governance is required because values and
expectations underlie human uses of the marine environment. 29 Questions about sustainability,
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ecosystems, and ecosystem management are not simply questions about science; they
are about values.30 Indeed, definitions of sustainability and ecosystems themselves
reflect the values underlying them.31 Moreover, it is important to note that different
environmental policies have varied distributive effects on societies that raise questions
of equity.32 Management occurs within an institutional setting that, more or less, successfully recognizes the different values and expectations of a variety of user groups
and those of the wider public. Miller and Kirk have noted the difficulty or even impossibility of reconciling competing values.33 But values and expectations are subject to
change over time, with consequent modifications of behavior, which brings us back to
the mechanisms that shape those values and expectations.
Governance of LMEs requires consideration of a substantial amount of data as well
as comprehension of a variety of relationships within the natural environment and also
the effect of human uses on that environment. Those who make decisions regarding the
use of the natural environment and its resources need to be aware of and sensitive to the
pattern of interaction resulting from their decisions if the sustainability of the environment that supports human needs is to be maintained. In this regard, there is a clear need,
which has been frequently noted, for integrating science into public policy.34 While there
is a need for greater awareness of what people want or expect from natural systems,
there is also a requirement for a better understanding of the capability of those systems
to deliver desired goods and services and what is needed to maintain the viability of
those underlying systems. 35
Scientific understanding can assist in identifying internal natural system needs, the
requirements of desired resources and conditions, and the limits to system productivity.36
Such considerations must be incorporated into decisions relating to human use of the
environment. While productivity may sometimes be “tweaked” as through the use of
fertilizers and pesticides in agriculture, there are still limits to productivity and, further,
there are questions relating to the environmental, economic, and social costs, as well as
the benefits that are generated by the “tweaking” of nature.
In efforts to advance ecosystem-based management, contributions from both the
natural and social sciences are needed, and, further, these inputs need to be integrated.
Fundamentally, the natural sciences can provide an understanding of the functioning of
natural systems, the interrelationship and dynamics of system components, and the impacts of human use on the operation and changing states of those natural systems. They
may also be able to suggest the human use implications of system changes.
On the social science side, the focus is on use management and efforts to modify
use patterns to advance purposes such as system sustainability. Social scientists need to
understand how the natural environment is utilized and why it is used as it is. The
management goal is to affect human behavior vis-à-vis the ecosystem, and to do this it
is necessary to comprehend: (1) the linkages between action and effect in the natural
system, and (2) how the environment is perceived by users and what motivates particular behavioral patterns. What needs to be understood is not simply the reason for a use,
such as fishing, but also the rationale for the employment of specific methods of utilization. Such an understanding would enhance the potential for achieving needed behavioral change.
To integrate natural science and social science perspectives and to foster ecosystem
sustainability, it is important to organize data on the interplay of human activities with
natural processes to illuminate interrelationships and encourage thinking about what
Pernetta and Mee termed “causal chains.”37 In what follows we use several interaction
matrices that can serve as diagnostic tools and provide a framework for analysis and
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consideration of management problems and possibilities. The use of such matrices
encourages the systematic and more holistic,38 as opposed to purely sectoral, 39 consideration of actions.
The following analysis is not meant to provide an input/output model that predicts
outcomes or a manner of automatically determining choices or policies. Rather, it seeks
to promote understanding of relationships and to encourage the utilization of adaptive
management approaches40 that take full advantage of experience and learning.
Some introductory comments are needed on the matrices. First, the authors recognize that a variety of matrices have been used by others in conjunction with generic
coastal or ocean use.41 Perhaps more than these earlier perspectives, however, the current study considers their use in the context of ecosystem-based governance.
Second, we recognize that the nature of interaction among uses or the interplay
between a particular use and the natural environment may often be site specific. That is,
the same actions occurring in different natural settings may not have the same impacts
on the physical environment or on the potential for creating conflict-of-use situations.
The effects of the disposal of wastes in different marine environments, for example,
may vary due to factors such as natural flushing action in open as opposed to enclosed
sea areas. And conflict-of-use situations are affected by variables such as population
densities, regional patterns of customary use, and degree and nature of economic and
social dependence on ocean and coastal resources.
Third, the matrices used in this study are rudimentary and are used solely to illustrate needed types of data and approaches. Clearly, it is necessary that broad categories
of activity be subdivided appropriately. In the case of fishing, for example, operations
are conducted in many different ways around the world and even among fishermen of
a particular state. Commercial, industrial, artisanal, recreational fishing, and the use
of different gear and techniques, while all coming under the general rubric of fishing,
may each have varying impacts on the biomass, the physical environment, and other
human uses, and accordingly must be assessed differentially. While this study uses simple,
two-dimensional matrices, as noted below, actual utilization of coastal/ocean areas typically involves more than two uses and requires consideration of the cumulative, interactive effects of multiple uses. In this context it is necessary to evaluate the following
conditions.
(a) The compatibility of particular uses, given their inherent nature and requirements, in relation to other uses (compatible, conditionally compatible, or incompatible).
Compatibility implies either that the uses do not interfere with one another or, possibly,
that they may serve to enhance one or both of the uses through positive externalities.
Incompatibility indicates detrimental effects of one use on another or both on each other
through negative externalities. Conditional compatibility refers to situations in which
potential negative externalities may be limited to acceptable levels through use limitations or restrictions. In many cases judgments regarding compatibility of use are situational rather than absolute in character, involving considerations of factors such as the
amount of available space, the geographical layout of the area, and cultural and individual values.
(b) The effect of particular human uses on the natural environment and the operation of ecosystems. It is indisputable that human activities affect the workings of natural
systems and, in some cases, can overwhelm and radically alter or completely destroy
them. As in the case of use conflict, consideration must be given to the dynamics of
particular ecosystems, taking into account existing stress and resilience. System specifics
such as water currents, tidal flows, and natural flushing action may be of significance in
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evaluating behavioral patterns. Complicating matters is the fact that while sometimes
effects are relatively quickly demonstrable, often they are of an insidious and cumulative nature, becoming manifest only after a substantial period of time. Yet judgments
must be made as to the degree of impact (substantial, moderate, or inconsequential) of
some use on the functioning of the natural environment, both short term and long term,
and its consequent effect on sustainability.
Among the considerations which affect determinations of compatibility and degree
of environmental impacts are the following.
(a) The nature of the use and the degree to which it puts stress on natural systems
and limits future alternatives. Some uses are inherently more demanding of the natural
environment, have more substantial and lasting effects than others (disposal of toxic
wastes as opposed to recreational boating), and have greater potential to interfere with
other human uses.
(b) The level of activity of a particular use (high, moderate, or low). The amount or
frequency of activity needs to be considered as an independent variable, since at low
levels of use, uses may be compatible and environmental impacts may be insignificant,
while this might not be the case with high levels of activity.
(c) The cumulative impact of varied uses. Is there some type of synergy at work
that magnifies the impacts of uses examined individually? The importance of cumulative impacts is increasingly recognized, as seen in the 1991 Protocol on Environmental
Protection to the Antarctic Treaty,42 but the phenomenon presents substantial problems
for analysts and policy makers.43
(d) The normative characterization (desirable, undesirable, or indifferent) of use
interplay and environmental effect. For example, is the by-catch of turtles in shrimp
fishing normatively acceptable? Is the destruction of mangroves acceptable to the end
of increasing shrimp production? Normative characterizations are determined largely in
a cultural context, but local and regional ways of doing things are increasingly subject
to outside pressures associated with trade, economic development, and imported technology and values. The varied and changing cultural context is a factor that once more
underscores the need for a site-specific analysis of human interaction with the environment. There should be an awareness that difficult problems could be encountered should
different states or communities share ecosystems but not traditions, values, and priorities.
The problems of evaluating and operationalizing the elements discussed above are
substantial. As suggested by McGlade, “fuzzy logic” may be of assistance in this regard.44 But beyond the matter of assessing each of the four elements, the difficult question remains as to how the data will be aggregated.45 Whatever device or procedure is
used to organize and evaluate data, there can be no escape from a significant element of
subjectivity. Moreover, values and preferences aside, the fact is that decisions will be
made under conditions of imperfect knowledge and uncertainty, and that raises questions regarding the controversial concept of precaution.46
With all these considerations in mind, there remain two basic reasons supporting the
need for governance efforts: (1) incompatible human uses of LME space and resources
that result in mutual interference, and (2) human uses of the LME environment that
interfere with natural processes and limit the potential for future use of that environment. Two matrices directly address these matters.
1. Use Interaction Matrix (Matrix 1). The concept of conflict of use is basic to the
fields of coastal zone management47 and land use planning; as ocean uses increase and
intensify, that concept has been similarly recognized as relevant in sea or ocean use
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management. 48 Often incompatibility is demonstrated in practice as sectorally based decisions are implemented and negative externalities are generated. In the face of such
experience, planners and coastal managers, accordingly, have resorted to devices such as
zoning to keep apart activities that have significant incompatibilities.49
Clearly, those who make decisions must have some understanding of how different
uses of the same area interplay and, not surprisingly, matrices have been employed in an
effort to understand interactions among uses. The example of use interaction shown in
Matrix 1 is extremely simplistic and in actual practice would require much greater detail
and sophistication. As noted earlier, a category such as fishing would have to be subdivided in a variety of ways, taking into account descriptors such as the scale of fishing,
the gear used, and the time of the year. In his description of a “marine interaction
model,” Vallega50 has provided a detailed breakdown of sea uses that could be modified
and expanded for employment in an LME use interaction matrix. Utilized data would
have to be site specific if the matrix were to serve a useful purpose for local decision
makers.
2. Use/Ecosystem Effects Interaction Matrix (Matrix 2). The notion that human use alters
the natural environment is not new. What is relatively new is the degree to which an
environment and its natural process may be affected by human actions. If sustainability
of ecosystems is a matter of concern to decision makers, then it is necessary for those
decision makers to consider the nature and character of the effects of human use on
natural systems. The purpose of Matrix 2 is to highlight such impacts and to encourage
an understanding of relationships between human behavior and ecosystem processes.
It may well be that the effects of human use are not well understood or fully documented,51 and a degree of precaution may be required to avoid irreversible damage or
long-term costs as decisions are made. Indeed, it would be useful for decision makers if
some explicit assessment could be made as to data availability and the degree of understanding of natural processes that could be factored into decisions about the application
of precaution. Consideration of interplay based on experience may be suggestive of
priorities for future study where data or understanding is deemed insufficient.
To a considerable extent, human use of and effects on the ocean/coastal natural
environment have been generally described. For instance, water quality has been monitored and evaluated, wetland loss has been studied, the introduction of alien species has
been described, and coastal demographic changes have been documented. But in addition to studying changing conditions of the environment, greater consideration must be
given to the practical consequences of those changes. The scientific community needs to
highlight, in terms understandable to lay people, the consequences of those changes for
human well-being, a step that goes beyond observing the relationships of the type noted
in Matrix 2.
A finding of depleted oxygen in coastal waters, for example, needs to be related to
the practical, down-the-line potential consequences of fewer opportunities for commercial and recreational fishermen, since such findings serve to motivate public concern and
lead to action. Accordingly, we need a matrix that reflects the impact, that is the feedback implications, of ecosystem effects listed in Matrix 2 on outcomes of interest
to stakeholders and the wider public. An expanded and more sophisticated version of
Matrix 3 would encourage consideration of the impacts of observed ecosystem alterations on the potential for future human uses of the environment and its resources. The
interdependent relationship between human use and environmental alteration is ongoing
and needs to be monitored continuously.
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As noted elsewhere, site specificity is important in the relationships that Matrices 2
and 3 highlight. In regard to coastal management the need for a “vulnerability assessment” of specific environmental conditions has been noted52 since variance in a number
of natural conditions may alter the significance of possible threats. Indeed, the recognition of special areas under the terms of the 1973 International Convention for the
Prevention of Pollution from Ships53 and designation by the International Maritime
Organization of Particularly Sensitive Sea Areas,54 the establishment of marine sanctuaries under the terms of the U.S. Marine Protection, Research, and Sanctuaries Act,55 and
provision for special area management plans under the terms of the U.S. Coastal Zone
Management Act 56 indicate recognition of vulnerabilities of particular areas.

Governance Profiles
As conflict of use and negative environmental consequences of human use become more
obvious at a variety of levels, collective responses by society begin to emerge; in short,
governance efforts evolve. This analysis urges the development of a baseline “governance profile” for each LME that describes the institutions, arrangements, and values at
the core of existing governance in the area encompassed.
Just as natural ecosystems vary from one another, so too do governance systems.
The literature on natural ecosystems evidences problems with concepts of scale.57 For
analytical purposes and on the basis of designated scientific criteria, the authors of this
study take as a given the LME, as described by Sherman and his colleagues, as the
appropriate ecological level for consideration. Having done so it is necessary to recognize that governance has scale problems of its own: spatially, governance mechanisms
may extend over very small geographical areas such as neighborhoods and range all the
way to global arrangements. The appropriate scale of governance needs to be related to
the particular ecosystem and its uses. But this need presents a challenge because smaller
ecosystems are nested within larger ecosystems.
Governance arrangements already exist in areas encompassed by LMEs; they are
not, however, presently organized around the concept of LMEs. Institutional, sociocultural, and economic factors are of substantial significance in the use and management of
the natural environment, and as with the natural environment, they are also site specific.
In seeking to move toward governance arrangements that are more appropriate for ecosystem-based management, it is necessary to understand how existing institutional, economic, and cultural systems operate, their implications for the natural environment and
its resources, and how needed change may emerge given societal structures and norms.58
Development of governance baselines will allow for future comparisons and assessment of whether a “systems” perspective is advancing. In this context it is necessary to
identify some indicators that would provide evidence of such a perspective. What might
we expect to see in governance arrangements if such an ecosystem outlook were to
increase in importance? What is being contemplated are indicators that serve, directly
or indirectly, to signal transition toward an ecosystem-based orientation. Further, it is
recognized that change is reflected in multiple indicators through their individual and their
cumulative effects.59 Indicators as used in relation to governance may relate to process
or to result; the former refers to changes in the way in which decisions are made, institutions work, and values are prioritized, while the latter focus on whether the process
changes, in fact, have led to better results in terms of actual outcomes.60 The focus of this
study is on process, since process change precedes result change. In regard to process, it
is suggested that change may be anticipated in the following five interrelated areas:
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perceptions and attitudes
institutions
processes and procedures
policies and programs
public participation

First, one would expect change in how situations are perceived and how problems
are assessed and treated by governments, with indications of a shift away from sectoral
to broader, more holistic approaches. Evidence of sensitivity of economic activity to
ecological concerns would be apparent in terms of changes in product line, production
processes, and marketing. Likewise, among nongovernmental groups and the general
public as well, attitudinal change would be discerned. For example, greater awareness
and understanding of the phenomena of negative spillovers or externalities would be
seen, with increasing comprehension that particular uses have impacts on other uses.
Accordingly, one would expect to see a widening of the “stakeholder” community in
regard to particular uses as other users increasingly recognize that their own interests are
interrelated with and affected by the action of others. The great concern of fishermen
with the impact of offshore oil development on living resources, seen in recent decades,
was not apparent when the legal regime for offshore oil and gas development was established by the Congress of the United States in 1953. Fishermen did not act as stakeholders concerned with the potential for oil spills in the early 1950s, but they did later when
use conflicts became more visible.61
Second, as externalities become increasingly manifest, one would expect the adaptation of existing governance arrangements and institutions so as to provide for “appropriate reach,” that is, for a better fit between jurisdiction and the extent of ecosystems.
One would anticipate greater degrees of coordination and representation in relevant
decision making. At the international level there might be efforts toward harmonization
of law, participation in regional institutions and efforts, creation of treaty regimes, and
provision for dispute settlement. Within governmental bodies interagency memoranda
of understanding, interagency committees, task forces, and consultation will increase
and expanded roles will emerge for NGOs, providing technical, scientific, and/or political
advice. Negotiated rule making with the intimate involvement of nongovernmental groups
and governmental agencies, as opposed to more traditional top-down, governmentimposed rule making may be in evidence.62 The phenomenon of ecolabeling provides an
example of how the changing attitude of consumers can influence the marketplace and,
through that influence, alter patterns of ecosystem use.
Third, one would anticipate changes in processes and procedures so as to encourage
forethought and precaution before actions are taken to minimize detrimental effects to
the ecosystem and its resources. Included in this category would be requirements for
data collection and analysis, environmental impact assessment, and notification and consultation. Such requirements would force consideration of broader system concerns.
Fourth, as the problems associated with sectoral approaches to problems become
apparent, efforts are made to overcome them. One approach that may be utilized is the
adoption of legislation and the development of governmental programs that reach across
sectoral divides and force consideration of externalities. The National Environmental
Policy Act 63 provides one such legislative example, as the requirement for the use of an
environmental impact statement mandates attention to the subject of externalities.
In the United States, major federal, state, and local programs have the potential to
impact LMEs. Such programs now encompass all of the coastal watershed leading to
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areas of fisheries and marine habitat. Watershed management emerged through the passage of section 6217 of the Coastal Zone Act Reauthorization Amendments of 1990 that
mandate efforts to control non–point source pollution in coastal waters. Coastal states
are required to use a watershed planning and control approach to deal with sources of
pollution from agriculture, forestry, urban development, marinas, recreational boating,
and hydromodifications. Plans must address the preservation and restoration of wetlands
and riparian areas. States are to develop enforceable management measures to treat these
sources of pollution.64
The National Estuary Program, established in 1987, complements the above efforts
by providing funding to states to develop a comprehensive planning process to improve
water quality and enhance living resources. There are currently 30 estuary programs in
the United States, including four in the Gulf of Maine watershed.65
Coastal habitat issues have recently come to the forefront and have been addressed
through the Sustainable Fisheries Act of 1996, which built on the Magnuson Fisheries
Conservation and Management Act and required the National Marine Fisheries Service
to specify “essential fish habitat” for all managed species and fisheries. Each fishery
management council must amend its fishery management plans to identify and describe
the essential fish habitat for each managed species; identify the fishing- and nonfishingrelated threats to the habitat; and develop management and conservation alternatives for
that habitat.66 It would be worthwhile to explore such legislative or programmatic mandates relevant to LME management to understand how they may alter traditional agency
activities and how they may serve to contribute to more holistic management approaches.
Fifth, one might expect provisions for greater public participation in the governance
process, in regard to the shaping, implementing, and modifying of governance regimes
and norms. Such participation is needed to obtain informational and attitudinal inputs, to
allow for representation of views of different stakeholders, to secure needed understanding and support for decisions, and to provide assistance in implementation and assessment. For example, public meetings that allow for a two-way flow of information between users and managers 67 and educational efforts aimed at enhancing public understanding of objectives and means are among the measures that could contribute to effective public participation and build support for needed efforts.
The next matrix directly considers governance aspects of LMEs and, in more sophisticated form, may contribute to the development of the suggested governance profile.
3. Governance/use matrix (Matrix 4). Traditionally, governance arrangements have developed along sectoral lines on an ad hoc, piecemeal basis. As noted in the classic 1969
report of the Stratton Commission, 68 in governmental contexts, a problem is brought to
light one way or another and some department or agency is given the responsibility to
address that particular problem. Over time, responsibilities are spread among levels of
government and among departments over a host of activities and areas. Eventually, interactional problems become evident since decisions are being taken without due regard
to externalities. The lack of coordination leads to mutual interference, inefficiencies, and
uncoordinated management.
While substantial attention has been given to mapping ecosystems, the mapping of
governance systems also deserves attention. There is no question that the nature and
character of governance systems affect the pattern of use of coastal/ocean areas and,
more generally, what has been termed “ecosystem health.”69 As long noted by political
scientists and office holders, institutional arrangements can be instruments of delay and
introduce the element of political and bureaucratic “turf” into all decisions.70 But the
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interplay of different elements of government and governance, however, can also play a
positive role by widening perspectives and forcing consideration of externalities.
It is helpful (and sometimes horrifying) to know who is responsible for what and
how the elements of governance, like those of ecosystems, interrelate and interact. They,
too, are part of the “working environment” and must be taken into account as efforts are
made to provide for effective use and protection of ecosystems. A fuller and more sophisticated version of Matrix 4, which as shown utilizes examples from the Gulf of
Maine for illustrative purposes, could yield a basic governance profile indicating networks of influence, jurisdiction, responsibilities, and interests. The dimensions of governance include (a) levels of governance (e.g., international, national, regional, or local);
(b) sectoral areas (e.g., fisheries, offshore mining, waste disposal, recreation); and (c)
stakeholders (e.g., fishermen, corporations, real estate interests, or port authorities). As
is the case with particular LMEs, governance arrangements have site-specific characteristics that need to be recognized and understood.
Relating to levels of governance, one issue that needs consideration is the level at
which a problem should be addressed. The principle of subsidiarity suggests that authority belongs at the lowest level capable of effective action.71 In fact, the European Union
in its Integrated Coastal Zone Management Programme has adopted this principle and
calls for problems to be addressed in the order of local, regional, national, and Community levels.72 In this context, different levels of governance share responsibility and coordination is provided at higher levels. What is the appropriate level of governance to
oversee particular uses? Clearly, problems exist in regard to the need for a considerable
degree of both vertical (between levels) and horizontal (at the same level) consistency. 73
It is apparent from our discussion of ecosystems that they present substantial challenges to resource managers. The most fundamental of these challenges is that ecosystem management must be able to cope with the uncertainty associated with the complexity of ecosystems as natural systems and the organizational and institutional complexity
of management. We may think of these institutional structures and processes as the
ecology of governance.74 Adaptive management seems to be the most promising approach to coping with the uncertainty facing many decision makers as they try to manage such systems. Adaptive management involves learning by doing; that is, by treating
programs and policies as experiments. By “linking science and human purpose, adaptive
management provides reliable knowledge that serves as a compass for a sustainable
future.”75 But the establishment of adaptive management is by no means easy in real
world institutions. Lee notes the significant institutional constraints affecting the establishment and operation of ecosystem management (Table 1).
Perhaps the most fundamental observation about the institutional environment of
ecosystem management is made by Lee, who observed that social learning is most needed
in large-scale ecosystems whose governance presents challenges for science, management, and politics. He noted the need to “study how human institutions deal with the
interdependence created when human boundaries cut across ecological continuities. . . .
What makes an ecosystem ‘large’ is not acreage but interdependent use: the large ecosystem is socially constructed.”76 And just as ecosystems have a number of dynamic
parts operating at a variety of levels, so do the policy and institutional elements of the
governance system reflecting a dynamic system of interdependence and complexity.
The issue of governance complexity is raised by Ostrom in her groundbreaking
research on institutional analysis and design. She argues that “any governance system
that is designed to regulate complex biological systems must have as much variety in the
actions that it can take as there exists in the system being regulated.”77 In her research on
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Table 1
Institutional conditions affecting adaptive management
There is a mandate to take action in the face of uncertainty. But experimentation and
learning are at most secondary objectives in large marine ecosystems. Experimentation
that conflicts with primary objectives will often be pushed aside or not proposed.
Decision makers are aware that they are experimenting anyway. But experimentation is
an open admission that there may be no positive return. More generally, specifying
hypotheses to be tested raises risk of perceived failure.
Decision makers care about improving outcomes over biological time scales. But the
costs of monitoring, controls, and replication are substantial, and they will appear especially high at the outset when compared with the costs of unmonitored trial and error.
Individual decision makers rarely stay in office over times of biological significance.
Preservation of pristine environments is no longer an option, and human intervention
cannot produce desired outcomes predictably. In addition, remedial action crosses jurisdictional boundaries and requires coordinated implementation over long periods.
Resources are sufficient to measure ecosystem-scale behavior. But data collection is
vulnerable to external disruptions, such as budget cutbacks, changes in policy, and controversy. After changes in the leadership, decision makers may not be familiar with the
purposes and value of an experimental program.
Theory, models, and field methods are available to estimate and infer ecosystem-scale
behavior. But interim results may create panic or a realization that the experimental
design was faulty. More generally, experimental findings will suggest changes in policy;
controversial changes have the potential to disrupt the experimental program.
Hypotheses can be formulated. And accumulating knowledge may shift perceptions of
what is worth examining via large-scale experimentation. For this reason, both policy
actors and experimenters must adjust the trade-offs among experimental and other policy
objectives during the implementation process.
Organization culture encourages learning from experience. But the advocates of adaptive management are likely to be staff, who have professional incentives to appreciate a
complex process and a career situation in which long-term learning can be beneficial.
When there is tension between staff and policy leadership, experimentation can become
the focus of an internal struggle for control.
There is sufficient stability to measure long-term outcomes; institutional patience is essential. But stability is usually dependent of factors outside the control of experimenters
and managers.
Source. Kai N. Lee, Compass and Gyroscope: Integrating Science and Politics for the Environment, Island Press, Washington, DC, 1993, p.85
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the governance of natural resources around the world, she found that “the most notable
similarity among the successful systems is the sheer perseverance of institutions which
have the capacity to modify their rules over time according to a set of collective choice
and constitutional choice rules in environments which are complex, uncertain, and interdependent.” 78
Ostrom found that all of the sustainable management institutions had clearly defined boundaries, a congruence between appropriation and provision of rules and local
conditions, collective choice arrangements, monitoring; graduated sanctions, conflict resolution mechanism; minimum recognition of rights to organize, and nested enterprises.79
She views what we have termed the ecology of governance in the following manner:
The problem that we face is not pitting one level of government against
another as a solitary source for authoritative decisions. Rather, the problem
is developing institutional arrangements at multiple levels that enhance the
likelihood that individual incentives lead participants toward sustainable uses
of biodiversity rather than imprudent uses. Given the diversity of biological
scales involved, Ashby’s rule of requisite variety commends a variety of
institutional arrangements at diverse scales. One key to understanding how
to craft nested institutional arrangements at many levels is the analysis of
how actions at one level change the incentives of actors at another level.80
Ostrom has developed an analytical framework for analyzing institutions that refers to a
range of costs to be considered when designing such institutions. Coordination costs, the
information costs of time and place and scientific information, and the strategic costs of
free riding and rent seeking are fundamental factors in her approach to institutional
analysis. She suggests that overall institutional performance be judged by the criteria of
efficiency, fiscal equivalence, redistribution accountability, and adaptability.81

Conclusions
Much attention has been given to the natural science aspects of LMEs. If sustainability
of those systems and their resources is to be enhanced, then greater systematic attention
will have to be given to human interactions with those systems and the governance
arrangements that shape the pattern of human uses.
Just as the natural features of LMEs are studied, so too must the human use and
governance arrangements be examined. Baseline studies have been conducted of natural
systems that allow for later comparisons to evaluate the degree and nature of change
over time. And various indicators are used or have been suggested to determine ecosystem health and stability. In addition, it would be useful to develop baseline studies of
governance in each LME that could provide a benchmark with which to appraise change,
allow assessment of progress over time in promoting sustainable uses of LMEs, and
provide guidance for additional needed change. To that end, this paper suggests the use
of a “governance profile” as a basic part of the strategy of advancing ecosystem-based
management and as an indicator of “progress” toward an ecosystem orientation.
Governance profiles may be utilized to understand the human context in which use
of resources and the natural environment proceeds. They recognize the unique systems
of human use, institutions, values, culture, and priorities in each LME and provide needed
understanding to encourage behavioral patterns that could accord with natural system
sustainability. If we understand how human systems operate and the motivating forces
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behind them, it is more likely than in the absence of such understanding that human
activities may be modified to protect ecosystem integrity and thereby provide sustainable social benefits. The use of matrices, more sophisticated than those used in this
paper, together with appropriate analyses can highlight significant relationships between
human uses and ecosystem effects and may provide a useful tool to educate the wider
public.
In looking to the future and considering how ecosystem-based management efforts
may be improved, it is necessary to take the current governance system as a given and as
the point of departure. Changes will be needed in terms of institutions, mores, and values
if there is to be a shift away from sectoral approaches to management of natural systems
and their resources. Movement toward ecosystem-sensitive management does not have
to be total and all at once but can result from cumulative, incremental change over time.
Identification of incremental modifications would be desirable since such changes
are easier to adopt and implement than more radical changes and, cumulatively, may
still have substantial effects. As suggested by consideration of five identified areas—
perceptions and attitudes, institutions, processes and procedures, policies and programs,
and public participation—change is already occurring “on the ground” as high-level
discussions continue on the need for and theory of ecosystem-based management.
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